Abstract. Changing the source of raw materials for producing aluminum and the emergence of a huge number of secondary alumina waste (foundry slag, sludge, spent catalysts, mineral parts of coal and others that are formed in various industrial enterprises) require the creation of scientific and theoretical foundations for their processing. In this paper, the aluminum alloys (GOST 4784-97) are used as an aluminum raw material component, containing the aluminum component produced as chips in the machine-building enterprises. The aluminum waste is a whole range of metallic aluminum alloys including elements: magnesium, copper, silica, zinc and iron. Analysis of the aluminum waste Al-Zn-Cu-Si-Fe shows that depending on the content of the metal the dissolution process of an aluminum alloy should be treated as the result of the chemical interaction of the metal with an alkaline solution. It is necessary to consider the behavior of the main components of alloys in an alkaline solution as applied to the system Na2O -Al2O3 -SiO2 -CO2 -H2O.
Introduction
The urgency of the waste disposal problem is realized by the society, but the methods of processing of many kinds of aluminum waste have not yet been developed or have inefficiently elaborated. According to Rosprirodnadzor, Russia annually produces about 35-40 million tons of solid industrial waste and almost the entire amount of it is placed on landfills, sanctioned and unsanctioned dumps and only 4-5 % are involved in recycling.
carried out according to the reactions (1-6) with a transformation OH -of alkali solution group to the complex ion AI(OH) -4 aq and is shown in Table 1 . On the basis of thermodynamic calculations of the Gibbs energy value ΔG 0 T , there was identified a number of energies of aluminum metal and aluminum hydroxide compounds relative to 1 molar solution of NaOH:
Aluminum The values obtained for the Gibbs energy indicate a high probability of interaction of aluminum, amorphous hydroxide, bayerite with an alkaline solution at a temperature of 298K. 6,16 Currently, the secondary processing of aluminum-containing raw materials (aluminum alloys) is essential, because they contain a significant amount of very valuable items: AlMg -Ca -Sc -Zn -Cu -Sc -Cr -Zr -Fe -Hf.
Production of recycled aluminum requires fewer energy costs and substantially lower emission of toxic substances into the environment than in the production of primary aluminum. According to forecasts, the proportion of recycled aluminum in the total consumption in 2030 could rise to 22 -24 million tons per year [4] .
Study of the problem of aluminum waste recycling for various enterprises shows that aluminum waste containing aluminum are classified according to their properties: nonrigid and cast alloys [5] .
Results and discussion
Aluminum waste is a whole range of metallic aluminum alloys with the inclusion of significant amounts of elements of the D.I. Mendeleyev Periodic System of Elements: calcium, magnesium, copper, manganese, silica, zinc, iron [GOST 1639 [GOST -2009 .
Changing the technological properties in comparison with the state diagram shown in Fig.1 shows that the alloys containing alloying component less than the solubility limit have the highest ductility and the lowest strength at high temperature. Analysis of the chemical composition of the aluminum waste containing Al-Zn-Cu-Si-Fe shows that depending on the content of the metal the dissolution process of an aluminum alloy should be treated as the result of the chemical interaction of the metal with an alkaline solution containing ionsОН � .Aluminum alloys should be regarded as a uniform distribution of elements in the crystal lattice of aluminum alloy. From the reactivity point of view, aluminum alloys are local galvanic cells which arise when exposed to water and alkali. The reactions of aluminum alloy components in water and the alkaline solution of the molar concentration (NaOH) used for preparing the aluminate solution are shown in Tab. 3. Thus, when analyzing the reactivity of the aluminum alloy elements, it must be kept in mind that these compounds release hydrogen from the water molecules as a result of a chemical reaction and the role of alkali is reduced to the dissolution of the corresponding hydroxide. For example, the chemistry of the process for aluminum is carried out as follows: 4 Therefore, it reacts with water to form aluminum hydroxide which being an amphoteric compound further exhibits acidic properties sufficiently and easily neutralized with alkali (NaOH) to form the aluminate complex anion.
The element silica has similar properties. Other elements such as Mg, Ti, Mn, Ni, Fe and Cu exhibit basic properties and even in the case of their dissolution, they will be presented only by hydroxides. The possibility of their dissolution in an alkaline solution can be evaluated using the solubility data for the corresponding hydroxyl compounds. For example, if an aluminum alloy contains iron and copper, that may form local galvanic element copper -iron -(NaOH solution).
In this case, the iron elements become Fe Thus, a variety of different elements in the aluminum alloy results in the need to approach the thermodynamic analysis of the behavior of all the components when they are dissolved in an alkaline solution.
To develop the technological process of processing of aluminum alloys it is necessary to determine what amount of aluminum oxide can be converted into an alkaline aluminate solution, so the dissolution of the aluminum alloy should be seen as a heterogeneous system Na2O -Al 2 O 3 -SiO 2 -CO 2 -H 2 O, which is shown in Fig. 2 . Since the dissolution of the alloy is performed in reactors with an open surface, the caustic alkali is able to absorb CO 2 from the air. In this case, the neutralization reaction proceeds 2NaOH + CO 2 = Na 2 CO 3 + H2 O and, consequently, a decrease of free alkali.
These data suggest that the amount of free alkali for the process should be calculated from the formula:
where: Na 2 O total. -the total caustic alkali, Na 2 O кy alkali connected in NaOH, Na 2 O гасн alkali related to sodium hydro aluminosilicates, Na 2 O(Na 2 OAl 2 O 3 2SiO 2 2H 2 O), Na 2 O(Na 2 CO 3 ) -the alkali carbonate is Na 2 CO 3, Na 2 Oimpurity -alkali connected to other inorganic compounds. Calcium as an alloying element in aluminum significantly changes its properties, and introduced into a new aluminum gives it special properties and plasticity. When the calcium content is of 5 %, the alloy has the effect of superplasticity [6] .It is known that the solubility of the hydroxides of alkaline earth metals depends on an excessive amount of hydroxyl ions in the form of NaOH solution and the temperature rise which causes a decrease in the solubility of calcium hydroxide. 2. Calculated values of ΔG 0 298 show that only five alloy elements (aluminum, silica, and others) are dissolved during alkaline chemical processing of aluminum alloy. Standard potentials of metals are used to roughly estimate the electrochemical corrosion in alkaline solutions at normal temperatures and to select the contact pairs of dissimilar metals.
Conclusions
3. To determine the dissolution rate of aluminum waste, the experiments were performed with the aluminum alloy specimens of 40x40 mm, which were placed in an alkaline solution of various concentrations (10 -160 g/l) and temperature (60 -90 o C) to achieve the same result (4 µm yield on the surface side). 
